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ANNUAL  REPORT  FOR  AWARD  NUMBER  “  W81XWH-07-1-0049” 

ENTITLED  MOLECULAR  TARGETS  FOR  PREVENTION  OF  PROSTAT  CANCER. 

FUNDING  PERIOD:  December  1, 2007-November,  2008 
Dr.  Ajit  K.  Verma,  Ph.D. 

Professor 

Department  of  Human  Oncology 

University  of  Wisconsin  Medical  School 

K4/532  Clinical  Science  Center 

600  Highland  Avenue 

Madison,  Wl  53792 

Phone:  (608)  263-9136 

Fax:  (608)  262-6654 

E-mail:  akverma@facstaff.wisc.edu 

INTRODUCTION 

Prostate  cancer  (PCa)  is  the  second  leading  cause  of  cancer-reiated  deaths  in  men.  The  risk  of  PCa 
increases  rapidly  after  age  50  in  men,  with  two-thirds  of  all  PCa  cases  found  in  men  after  age  50.  PCa  first 
manifests  as  an  androgen-dependent  (AD)  disease  and  can  be  treated  with  androgen-deprivation  therapy. 
Despite  the  initial  success  of  androgen  ablation  therapy,  PCa  progresses  from  AD  to  androgen- 
independent  (Al).  The  hormone  refractory,  invasive  PCa  is  the  end  stage  and  accounts  for  the  majority  of 
PCa  patient  deaths.  Defining  the  molecular  mechanisms  linked  to  the  transition  of  AD  PCa  to  a  hormone 
refractory  PCa  is  essential  in  planning  strategies  in  the  prevention  and  treatment  of  PCa.  The  objectives 
of  this  proposal  are  to  determine  whether  protein  kinase  C  epsilon  (PKCe)  is  linked  to  the  initiation  and 
progression  of  Prostate  cancer  (PCa)  and  should  be  explored  as  a  molecular  target  for  the  prevention  of 
human  PCa.  PKC  represents  a  family  of  Phospholipid-dependent,  serine/threonine  protein  kinases. 
PKCe  is  a  calcium-insensitive  PKC.  Previous  studies  have  shown,  using  cultured  prostate  cancer-derived 
cell  lines  and  human  PCa  specimens  that  PKCe  may  play  a  role  in  the  progression  to  Al  PCa.  However, 
the  role  PKCe  plays  in  the  course  of  PCa  progression  on  the  whole  tissue  level  in  vivo  is  unknown  and  that 
forms  the  focus  of  this  proposal.  We  plan  to  test  the  hypothesis  that  PKCe  is  linked  to  the  onset, 
progression  and  metastasis  PCa.  Two  specific  aims  are  proposed  to  test  this  hypothesis:  Specific  Aim  #1 : 
To  obtain  the  first  molecular  genetic  evidence  that  PKCe  is  linked  to  the  development  of  PCa.  To 
accomplish  this  specific  aim,  we  will  employ  TRAMP  mice.  Specific  Aim  #2:  To  explore  the  mechanisms 
by  which  PKCe  may  promote  the  progression  of  Al  PCa.  PKCe  may  be  a  new  marker  for  the  prognosis  of 
PCa,  as  well  as  a  molecular  target  for  the  prevention  and  therapy  of  PCa.  Knowledge  obtained  from  the 
proposed  study  will  help  to  plan  strategies  to  manage  the  development  of  PCa. 

This  report  will  review  the  accomplishments  made  over  the  second  year  of  grant  award  with  respect  to 
these  specific  objectives  and  according  to  the  time  line  proposed  in  the  original  statement  of  work  of  the 
project. 

BODY  (Key  Research  Accomplishments  by  original  statement  of  work) 

Task  1:  Specific  Aim  #1 :  To  obtain  the  first  molecular  genetic  evidence  that  PKCe  is  linked  to  the 
development  of  PCa.  Anticipated  time  to  accomplish:  18-28  months 

The  principle  experimental  approach  to  link  PKCe  to  the  development  of  PCa  is 
to  deplete  PKCe  in  TRAMP  mice.  This  will  be  accomplished  by  crossbreeding 

TRAMP  mice  with  PKCe  knockout  (-/-)  mice.  We  will  evaluate  TRAMP-PKCe  KO  mice  for  the 
development  and  progression  of  PCa  in  vivo.  We  will  determine  whether  genetic  loss  of  one  (-/-r)  or  both 
(-/-)  PKC  alleles  will  attenuate  the  progression  of  PCa.  Our  PKCe  knockout  (-/-)  mice  are  on  FVB 
background  while  TRAMP  mice  were  on  C57BL/6  background.  This  year,  we  were  successful  to  obtain 
TRAMP  mice  on  FVB  background  from  Dr.  Barbara  Foster’s  laboratory,  Rosewell  Park  cancer  Institute, 
Buffalo,  New  York.  Congenic  FVB  TRAMP  mice  were  originally  generated  by  Dr.  Allan  Balmain’s  group  as 
follows:  B6  TRAMP  females  were  mated  with  FVB  males  to  generate  B6FVBF1  TRAMP  animals  and  the 
FI  TRAMP  females  were  backcrossed  to  FVB  males;  this  scheme  of  backcrossing  TRAMP  females  to 
FVB  males  was  continued.  The  FVB  TRAMP  mice  to  be  used  in  this  study  will  be  generation  N9-N12.  The 
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study  of  the  influence  of  genetic  background  in  prostate  pathology  between  FVB  and  B6  TRAMP  mice 
reveals  that  FVB  mice  have  a  significantly  higher  incidence  of  malignant  neuroendocrine  (NE)  carcinomas 
and  a  significantly  shorter  survival  time  (20  weeks)  compared  to  B6  mice  (52  weeks).  All  FVB  mice 
developed  malignant  NE  carcinomas  by  20  weeks  compared  to  a  lifetime  incidence  of  20%  in  B6  mice. 
Since  FVB  TRAMP  mice  have  median  survival  of  20  weeks,  a  time  course  study  will  be  performed  with  4, 
8,  12,  16,  and  20  weeks  old  mice. 

We  are  currently  breeding  FVB  PKCe  knockout  (-/-)  with  FVB  TRAMP  mice  to  generate  sufficient  mice  on 
each  genotype  (TRAMP+,  PKCe  +/+);  (TRAMP+,  PKCe  -/+);  and  (TRAMP+,  PKCe  -/-)  for  the  proposed 
experiments  as  illustrated  below.  We  anticipate  to  complete  these  experiments  in  the  last  year  of  our 
grant  period. 

Experiment  1:  Effects  of  PKCe  deletion  on  the  development  of  PCa  in  TRAMP  mice.  All  mice  will  be 
randomly  assigned  to  the  indicated  cohort  and  sacrificed  at  4,  8,  12,  16,  and  20  weeks  of  age.  There  will 
be  20  mice  per  experimental  group.  Since  it  is  difficult  to  generate  sufficient  numbers  of  male  mice  for  all 
the  time  points,  we  have  divided  this  experiment  in  three  separate  parts. 

Experiment  1A:  The  link  of  PKCe  to  the  progression  to  Al  PCa.  In  this  experiment,  there  will  be  40 
male  mice  in  each  genotype  (TRAMP+,  PKCe  +/+);  (TRAMP+,  PKCe  -/+);  and  (TRAMP+,  PKCe  -/-).  At  8 
weeks  of  age,  20  mice  of  each  genotype  will  be  castrated.  For  castration,  mice  will  be  anesthetized  with 
sodium  pentobarbital  (65  mg/kg,  administered  i.p.)  and  an  incision  will  be  made  across  the  lower 
abdomen  to  allow  access  to  the  testes.  The  ductus  deferens  will  then  be  cauterized  and  the  testes 
removed.  The  incision  will  be  closed  by  staples,  which  will  then  be  removed  two  weeks  post  operation.  At 
20  weeks  of  age,  all  mice  will  be  sacrificed. 


Cohorts 

Sacrificed  at:  20  weeks 

Intact  Castrated 

TRAMP/PKCe  (+/+) 

TRAMP/PKCe  (+/-) 

TRAMP/PKCe  (-/-) 

20  20 

20  20 

20  20 

Experiment  IB:  The  link  of  PKCe  to  the  initiation  of  PCa.  In  this  experiment,  20  male  mice  of  each 
genotype  will  be  sacrificed  at  4  and  8  weeks  of  age  to  determine  whether  PKCe  deletion  prevents  the 
development  of  early  lesion  (PIN)  in  TRAMP  mice.  _ 


Cohorts 

All  intact,  sacrificed  at: 

4  weeks  Sweeks 

TRAMP/PKCe  (+/+) 

TRAMP/PKCe  (+/-) 

TRAMP/PKCe  (-/-) 

20  20 

20  20 

20  20 

Experiment  1C:  The  link  of  PKCe  to  the  development  of  PCa  at  the  post-initiation  phase  of  prostate 
carcinogenesis.  In  this  experiment,  mice  of  each  genotype  will  be  sacrificed  at  12,  16,  and  20  weeks  of 
age. 


Cohorts 

All  intact,  sacrificed  at: 

1 2  weeks  1  Gweeks  20  weeks 

Experiment  with 

TRAMP/PKCe  (+/+) 

TRAMP/PKCe  (+/-) 

TRAMP/PKCe  (-/-) 

20  20  20 

20  20  20 

20  20  20 

Task  2:  Specific  Aim  #2:  To  explore  the  mechanisms  by  which  PKCe  may  promote  the 
progression  of  Al  PCa.  Anticipated  time  to  accomplish:  24-36  months 

The  proposed  experimental  approach  was  to  determine  the  effects  of  the  inhibition  of  PKCe  expression  in 
TRAMP  mice,  using  the  mice  in  Experiment  1  of  Specific  Aim  #1,  on  the  induction  of  cytokine  IL-6  release 
and  IL-6’s  associated  signal  transduction  pathway  (JAK/STAT-3)  as  well  as  the  cell  survival  genes  (e.g., 
p21,  p27,  Survivin,  Bcl-xL,  and  Bcl-2).  The  serum  and  prostate  tissue  samples  will  be  collected  from  the 
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experiments  outlined  under  Specific  Aims  #1 .  These  samples  will  be  used  to  analyze  the  level  of 
expression  of  cytokine  IL-6  using  the  mouse  IL-6  Quantikine  ELISA  Kit  (R&D  Systems,  Minneapolis,  MN). 
The  activation  of  the  JAK/STAT-3  pathway  and  the  expression  of  cell  survival  genes  will  be  determined  by 
Western  blot  analysis. 

While  we  are  waiting  for  the  experiments  to  be  accomplished  under  specific  aim#1,  we  screened  for 
pharmacological  inhibitors  of  PKCe.  The  use  of  pharmacological  inhibitors  of  PKCe  will  further  provide 
clues  of  the  role  of  PKCe  in  PCa  development.  We  found  that  plumbagin,  a  medicinal  plant-derived 
naphthoquinone,  inhibits  PKCe  expression  and  growth  and  invasion  of  hormone  refractory  prostate  cancer 

(see  Cancer  Research  paper  in  the  appendix,  this  work  was  supported  in  part  from  DOD  grant). 

Our  results  with  plumbagin  are  summarized  below: 

We  found  that  plumbagin  (PL),  a  quinoid  constituent  isolated  from  the  root  of  the  medicinal  plant 
Plumbago  zeylanica  L,  may  be  a  potential  novel  agent  in  the  control  of  hormone  refractory  PCa.  Specific 
observations  are  the  findings  that  PL  inhibited  PCa  cell  invasion  and  selectively  induced  apoptosis  in  PCa 
cells  but  not  in  immortalized  non-tumorigenic  prostate  epithelial  RWPE-1  cells.  Also,  intra-peritoneal 
administration  of  PL  (2mg/kg  body  weight),  beginning  3  days  after  ectopic  implantation  of  hormone 
refractory  DLI145  PCa  cells,  delayed  tumor  growth  by  3  weeks  and  reduced  both  tumor  weight  and  volume 
by  90%.  Discontinuation  of  PL  treatment  in  PL-  treated  mice,  for  as  long  as  4  weeks  did  not  result  in 
progression  of  tumor  growth.  PL,  at  concentrations  as  low  as  5  pM,  inhibited  both  in  cultured  PCa  cells 
and  DU  145  xenografts  the  expression  of:  1)  PKCe,  PI3K,  pAKT,  pJAK-2  and  pStat3;  2)  the  DNA-binding 
activity  of  transcription  factors  AP-1,  NFkB,  and  Stat3  and  3)  Bcl-xL,  cdc25A  and  COX-2  expression.  The 
results  indicate  for  the  first  time,  using  both  in  vitro  and  in  vivo  preclinical  models,  that  PL  inhibits  the 
growth  and  invasion  of  PCa.  PL  inhibits  multiple  molecular  targets  including  PKCe,  a  predictive  biomarker 
of  PCa  aggressiveness.  PL  may  be  a  novel  agent  for  therapy  of  hormone  refractory  PCa 

KEY  RESEARCH  ACCOMPLISHMENT 

1.  To  accomplish  the  proposed  experiments  under  Specific  Aim#1,  we  have  now  both  TRAMP  and 
PKCe  KO  mice  on  FVB  background.  Breeding  of  PKCe  knockout  (-/-)  with  TRAMP  mice  is  in 
progress  to  generate  sufficient  mice  on  each  genotype  (TRAMP-i-,  PKCe  -i-/h-);  (TRAMP-h,  PKCe  - 
/+)',  and  (TRAMP-I-,  PKCe  -/-)  for  the  proposed  experiments. 

2.  Plumbagin,  a  natural  inhibitor  of  PKCe,  inhibits  the  growth  and  invasion  of  PCa. 


PLANS:  We  will  continue  our  experiments  proposed  under  specific  aims  in  the  grant  proposal.  We 
anticipate  no  change  in  our  original  plans. 


REPORTABLE  OUTCOMES 

A  publication  in  CANCER  RESEARCFI  (Cancer  Res.  68:  9024-9032,  2008). 
Patents  and  licenses  -  NONE 
Degrees  obtained  -  NONE 

Development  of  cell  lines,  tissue  or  serum  repositories  -  NONE 
Informatics  -  NONE 

Funding  applied  for  based  on  work  supported  by  this  award  :  NONE 
Employment  or  research  opportunities  applied  for  -  NONE 
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CONCLUSIONS 


Prostate  cancer  is  the  most  common  type  of  cancer  in  American  men  and  ranks  second  to  lung  cancer  in 
cancer-related  deaths.  While  1  in  6  men  will  get  prostate  cancer  during  his  lifetime,  1  in  34  will  die  of  this 
disease.  Prostate  epithelial  cells  are  dependent  on  the  male  hormone  androgen  for  survival  and  enter 
programmed  cell  death  following  hormone  oblation  resulting  in  involution  of  the  prostate  gland.  Early  PCa 
is  typically  diagnosed  as  androgen-dependent  and  is  treated  with  anti-androgen  drugs  or  using  a 
procedure  termed  castration,  which  involves  removal  of  the  androgen  producing  testes.  Despite  androgen 
therapy,  some  of  the  cancer  cells  still  survive  and  grow  to  form  PCa.  The  PCa  that  grows  after  hormone 
therapy  is  called  androgen  independent  (Al)  PCa.  This  invasive  PCa  is  the  end  stage  and  accounts  for  the 
majority  of  PCa  patient  deaths.  The  management  of  locally  advanced  prostate  cancer  is  difficult  and 
complex  because  the  cancer  often  becomes  hormone-insensitive  and  unresponsive  to  current 
chemotherapeutic  agents.  Knowledge  about  the  regulatory  molecules  involved  in  the  transformation  to  Al 
prostate  cancer  is  essential  for  the  rational  design  of  agents  to  prevent  and  treat  prostate  cancer.  Recently 
we  found  a  protein  termed  protein  kinase  C  epsilon  (PKCe),  which  may  play  a  role  in  the  formation  of 
advanced  prostate  cancer.  The  level  of  this  protein  is  increased  in  prostate  cancer  tissue  as  compared  to 
the  normal  prostate.  The  proposed  study  is  aimed  at  validating  the  role  of  this  protein  in  the  progression 
of  prostate  cancer.  Knowledge  obtained  from  the  proposed  study  will  help  to  plan  strategies  to  manage 
the  development  of  PCa.  This  PKCe  protein  may  be  a  new  marker  for  the  prognosis  of  PCa,  as  well  as  a 
molecular  target  for  the  prevention  and  therapy  of  PCa. 

REFERENCES:  None 

APPENDICES: 

1.  Cancer  Research  paper 
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Plumbagin,  a  Medicinal  Plant-Derived  Naphthoquinone,  Is  a 
Novel  Inhibitor  of  the  Growth  and  Invasion  of 
Hormone-Refractory  Prostate  Cancer 

Moammir  H.  Aziz.  Nancy  E.  Dreckschmidt.  and  Ajit  K.  Verma 

Df^artment  of  Humai)  t^nrology.  School  of  Medicaie  and  [Hihbc  Heakh.  University  of  Wlwoivvu  Madbon.  Wiscoosm 


Abstract 

Pmstute  cancer  <PCa)  is  Ihc  scc'ond  leading  cause  of  cancer 
rc'latcd  deaths  in  nien.  Hormone  refractor)  inmshe  IK  a  is  the 
end  sta^e  and  accounts  for  the  majority  of  PC  a  patient  deaths. 
Ue  present  here  that  plumlia^in  (Pl.j.  a  quinoid  constituent 
isolated  from  the  riMil  of  the  medicinal  plant  Pltmihaga 
zry  lanica  L,  may  be  a  potential  novel  u^ent  in  the  control  of 
hormone  refractor)'  I*Ca.  Specific  observations  are  the  find 
in^s  that  PI.  inhibited  PCa  cell  invasion  and  selectively 
induced  apoptosis  in  l*C‘u  cells  hut  not  in  immortali/ed 
nontunMiri«enic  prostate  i>|)ithelial  KWPf->  I  ('ells.  In  addition, 
i.p.  administration  of  PI.  (2  ni".  k"  Imdy  weight).  be»innin" 
[i  da)'H  after  ectopic  implantation  of  hormone  irfractory 
OIU45  PCa  cells,  delayed  tuOMir  growth  In  weeks  and 
rtnluced  both  tumor  weight  and  voliune  by  Discontinu 

atioii  of  PI.  treatment  in  PI.  treated  mice  for  us  lon«  as  4  wceLs 
did  not  result  in  progression  of  tumor  ^ro^\th.  PI.,  at 
concentrations  us  low  as  5  pmol/l..  inhibited  in  both  cultured 
PCa  cells  and  i)l'145  .\eno|’rafts  fu)  the  expression  of  protein 
kinase  Ce  (PkC£),  phosphatidylinositol  3  kinase.  plMispImn’ 
fated  .\kr.  phosphor) fated  fanus  activated  Idnase  2,  and 
phos|ihor)luted  signal  transducer  and  acthator  of  transcrip 
tion  3  (Stat3j;  |fi)  the  I)i\.\  hindin"  ucthity  of  transcription 
factor*  activator  protein-1,  nuclear  factor  K.B.  and  Stat3:  and 
fr)  Bel  .xL,  cdc2!iA.  and  cyclonx)genase  2  expression.  The 
results  indicate  for  the  first  time,  usin^  both  in  litro  and 
in  I'feo  preclinical  mcidels.  that  Pt.  inhibits  the  ^nmlh  and 
invasion  of  PCa.  PI.  inhibits  multiple  raoli^cular  targets 
including  PKCe.  a  predictiw  biomarker  of  PC  a  a^ressi^eness. 
PI.  may  be  a  nov(4  a^ent  for  therapy  of  hormone  refractor) 
PCa.  (Cancer  Res  3U()8^)8(21);9U24-32| 

Introduction 

Prostate  cancer  (PCa)  fe  the  most  frequentl)-  dia^n.sed  cancer 
among  men  and  is  the  .second  leading  cau.se  of  cancer-related 
deaths  (1).  The  risk  of  PCa  increases  rapidly  after  age  50.  ^vith  two 
thirds  of  all  PCa  cases  found  in  men  after  age  50.  PCa  first 
manifests  as  an  androgen -dependent  (AD)  disease  and  can  be 
treated  with  androgen  deprivation  therapy.  Despite  the  initial 
success  of  androgen  abbtion  therapy.  PCa  progresses  from  AD  to 
androgen  independent  (Al).  The  hormone-refractory  invasive  PCa 
is  the  end  stage  and  account.s  for  the  majority  of  PCa  patient 
deaths  (2-6).  At  present,  there  is  no  effective  treatment  for  Al 
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meta.static  PCa  There  is  an  urgent  need  for  novel  agents  that  can 
be  effective  and  selective  in  the  prevention  and  treatment  of 
hormone-refractorv’  PCa  Plumbagin  (PL),  a  medicinal  pbnt- 
derived  naphthoquinone  (7).  seems  to  po.sscss  such  pmpcities. 

PL (5-hydroxy-2-mcthyi-1.4-napthoquinone:  Fig.  lA)w'as  isolated 
horn  the  roots  of  the  medicinal  pbnt  Plumbago  zeylanica  L  (also 
knowTi  as  Chitrak:  ref.  7).  The  roots  of  Plumbago  zey'lanica  have 
been  u.sed  in  Indbn  medicine  for  more  than  2.500  years  for 
treatments  of  various  ailment.s.  PL  i.s  also  present  in  black  walnut 
and  other  vanous  medicinal  plants  (7).  IT.  has  been  showm  to  exert 
anticancer  and  antiproliferative  activities  in  animal  models  and  in 
cell  culture  (7).  PL.  fed  in  the  diet  (200  ppm),  inhibits  azoxy- 
methane-mduced  intestinal  tumois  m  rats  (K).  PL  inhibits  ectopic 
gnmth  of  breast  cancer  MD.A-MB-231  cells  (9X  non-small  cell  lung 
cancer  A549  cells  (10).  and  melanoma  A375-.S2  cells  in  athymic 
nude  mice  (11).  PL  has  also  been  shoun  to  induce  apopto.sis  in 
human  PCa  cell  lines  (12).  However,  no  study  exists  about  the 
effects  of  PL  in  the  prevention  and/or  treatment  of  PCa 
progres.sinn. 

We  present  in  this  communication  for  the  first  tune  that  PL  is 
a  novel  inhibitor  of  the  growTh  and  imasinn  of  hormone- 
reftactnry  PCa  cells.  Lp.  administration  of  PL  reduced  both  the 
wcij^t  and  volume  of  ectopically  xenografted  DU145  cells  by 
90%.  PL  inhibited  PCa  cell  invasion  and  selectively  induced 
apoptosis  in  PCa  cells.  PL  inhibited  coastitutive  expression  of 
multiple  molecrular  targets,  including  protein  kinase  Cc  (PKGt  ). 
pho.sphatidyhnositol  3-kinase  (PI3K).  AKT.  and  activation  of 
transcription  factors  activator  protcin-I  (AP  I),  nuclear  factor-KB 
(NF-kBX  and  si^^l  transducer  and  activator  of  transcriptkm  3 
(.Stat3)  in  PCa  ccll.s.  PL  may  be  a  novel  agent  for  therapy  of 
hormone-refractory  PCa 

Materials  and  Methods 

Clittniiuls.  uiililKidit?..  and  mksm)  kils.  PI.  IpruLliiail  grade,  purity 
>95%)  was  {xirvlused  frum  Sigma-Aldrich.  The  sources  uf  anttbi>ilii&  used 
in  this  study  wire  as  bUows:  PKCr.  other  PKC  isofonns.  Stal3. 
phosphiirybted  .Stttt3T)T7ll5.  PBK  (p85X  PI3k  (pi  10),  p2l,  p27,  \ascubr 
endotliulial  growlli  factor  (VEGFX  malru  metaUopnrteinusc-O  (NfMP-9). 
Bel  xL.  cycluoxygenase'2  (COX-2X  edi^L5A  and  t^actin  (fianta  Crux  Bto- 
technukigy):  phosphor) bled  janus-uclmited  bnase  (pJAK)-l  (Tyr"“^‘™), 
pJAK-2  ITyT'*^  phicsphorybUnJ  AKT  (p.AkT:  Ser^^).  pAKT  (Tlir"'). 
and  AKT  (Cell  .Signaling  Teehnuk^-);  ff^tat3Sei727  (BD  Biosclenees):  and 
pruliferuting  eetl  midear  antigen  (PCNA:  Dako  Nortli  .America  lnc.X 
The  oUgonucIeotkles  br  AP  I  (5'-CGCTTGATG.ACrCAGCCGGAA-3'X 
NF-kB  l5'-AGTTGAGGC*G.ACnTCCCAGCiC-3'X  and  Slal3  (.<-G.ATCCTT 
CTGGG.AATTCCTAGATC‘3*)  were  olitamed  from  .Santa  Cniz  Bk>technok> 
gy.  CoUi^en-Bastid  Cell  bvasion  A.ss4^'  bl  was  from  Millipore. 

l  eU  lines.au  lines  (RV\TE  tC\\H22n  L  IJv'CaP.  PC- 3.  andDUltSIwiTu 
obtained  Tnun  the  .American  IS’pe  Culture  Coliectkia 

.\p<ipl»!»is.  (A'rcenl  of  cells  undergoing  apoptoses  was  dciemiined  by 
flow  cylumetra'  anal)'sb  of  propidium  iodide-stainL'd  cells  (13). 
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C  I'D  in%usi<tn  away.  Ci41  invuKKui  was  assayed  using  a  DtUagen- Based 
Cell  Invicvion  As^siy  kit  us  piT  the  munuTaL'tun'r.s  instruetinns  (U).  Briefly. 
PCa  eell  lines  at  80%  uinflueney  were  se'rum  stanvd  Rir  18  U>  24  h  befnre 
lheassin'.ThL'i't4Ls  wi're  hanestud  and  tiie  {xjk't  was  ^'ntly  n^suspended  in 
serum-free  meduim.  In  thi>  upper  i  hamhec  05  ^  10^  cells  per  swU  were 
plated  in  triplicates  and  incubated  fur  2  h  at  27^C  m  a  luiniklified  inciiialur 
with  9%  CO}  before  PI.  truatmenL  Both  the  insert  and  the  holding  well  were 
subjected  to  tht>  same  medium  composition  with  the  exception  of  serum. 
The  ln.sert  contained  no  scTum.  whereas  the  lower  wxJl  containud  10%  fetal 
bmine  scrum  that  served  as  a  chemoaOructanL  The  untreated  groups  were 
used  as  a  control  Furty-ei^t  hours  after  PL  trealrnenU  the  cell  im'usion 
assM'  WU.S  performed  as  per  the  nuinuCacturvrs  instmclions.  The  cells  in  the 
insert  were  remmvd  by  wiping  gently  with  a  cotton  >M'ub.  Migrated  cells 
slicking  to  the  laittom  side  of  the  insert  were  stained  with  Cell  Stain. 
Insadlr^  ci4ls  on  thi'  liottom  side  of  the  membrane  were  phisto^i^ihed 
using lidht  inwited  microscopy  (Nikon  Edipse  TS  100)  at  X40  mi^^niftca 
tain.  In  addition,  tlie  number  of  cdls  migrating  to  the  bottom  side 
was  estimated  by  colorimi’tra'  meusuremenLs  at  .5fi0  nm  according  to 
assin'  instruetKios.  Mean  ±  SE  was  circulated  fmm  threx*  indepenck'nt 
experiments. 

r^'topic  IH  M.s  tumor  xenografts.  Male  uthymic  nude  ma'c*  were 
puriiiased  from  The  jacLson  Laliorutory  and  riased  in  a  pathogen-free 
ensironment  Mk  e  were  used  for  expcTimentalion  2  wk  after  w  dimatiza 
twin.  DII145  cells  (15  x  t(f  in  Matngel)  wx'n-  implanted  on  both  flanks  of 
nude  mu’e.  Tla>  anunals  (n  =  lOj  were  tmated  with  PL  (2  mg^kg  body  sveighl 
in  O.I  mL  PB.*x  5  d  a  week)  b)’  Lp.  injcx.'tion  3  d  after  cell  implantation.  The 
untreated  animals  {n  s  10)  were  used  a.s  a  control  Mice  were  weighed 
and  examined  twicx’  wi'ckly  f(>r  tla*  presence  of  palpuhle  tumors.  Ibmor  size 
was  measunxl  by  calipers  and  recorded.  Tumor  volume  (K)  was  determined 
by  the  followup  equalam:  K  -  (/.  x  ^  x  0.5236).  where 
I  is  tla*  length.  W  is  the  width,  and  U  is  the  heiglit  of  llie  xenograft 
tumor.  At  the  end  of  study,  mice  wem  euthanized  and  digital  photi^n^hs 
were  taken  of  their  tumors.  Tla>  mean  caUulaled  t  umor  witumr  was  plotted 
as  afunelionoftime.  ARer  11  wk.  PL  treatment  was  stujipud  and  thegmwth 
of  the  tumor  was  measund  throi^  15  wk  after  cell  imi^ntation. 


SlalfeUical  analysis.  .Slati.sta.'al  difUbrenevs  lieiwuen  tlie  tumor  witumi' 
m»ins  of  control  and  Pl.'truitid  mice  were  analyzed  by  Student's  t  test 

Wisileni  blot  analysis.  Human  PCa  ceUs  and  xenn^all  samples  were 
lysed  in  unmiinoprtx:ipitation  lysi.s  liuffi'r  [50  mmol/L  IIEPES  (pH  7.5). 
150mmol/I.  NaO.  10%  }4yexTol.  l%TrliinX'l(ll),  1.5 mmol/L  M^lj,  lOpg'ml. 
i^nitinin.  10  Mg;‘ml.  lei^eptia  1  mmol/L  phL'nylmethylsuUbnyl  fluoride* 
(PMSF).  200  mmol/L  \a,VO*.  300  mmol/L  NaF.  I  mmoI/L  EGTAJ.  The 
homogenate  was  centnfugid  at  14f)00  x  ^  (iir  30  min  at  4  X.  Wliole  cUl 
lysate  (25  gg)  wa.s  fraiiionated  on  10%  to  15%  SDS  polyacrylamide  gels.  The 
pn)tetn.s  wem  transfermd  to  Hyhond  P  pilyvtnylulene  difluoride  IrunsfeT 
nu'mhranc  (Amersbam).  The  mc'mliranis  were  llien  incubated  with  the 
Indicated  primary  aiAilaxluis  followed  by  a  horveradlsh  penuiduse  (HRP) 
seetindar^'  antibody  and  developed  witii  Amersham  enhanced  chemllumi 
nescence  reagent  and  autorudiop'i^hy  using  BaiMax  film  (Kodak  Co.).  The 
Western  blot  sisals  were  quantitated  by  densitometric  analysis  using 
Totallab  Nonlinear  Dynamic  Image  analysis  softw'are  (Nonlinear  USA  Inc.). 

Histology.  Xenograft  samples  were  fixed  fiir  24  h  in  1(1%  nentru!  buffered 
(tirmiflia  Iramfernd  to  PBS  ({dl  7.4).  and  then  emla’dded  in  pamrUn. 
Seelions  (4  gm  tiiicknuss)  of  each  specimen  were  cut  lor  histologic  and 
immunohistochemiatl  exuminutioa 

IminuiMiliislochenik'ul  analysis.  lmmunohistucla'mi.stry  was  earned 
out  witli  ratihil  anti-PKQ  (L300  dilution),  ralihil  anti-Slat3  (1:150  dilution), 
or  mou.se  anti-PCNA  (LL50)  anti  body  in  a  Izih  Mskin  Autuilainer  3500  and 
Pr  module  (Lab  Vision)  with  a  standard  protoe-nl  lor  imniunolilstiMrhem- 
istiy  (14).  Briefly,  the  samples  of  xinogruft  tumor  were  deparafflni/ed  and 
antigen  ^elne^'al  was  doia*  by  heating  in  citrike  buffer  (pH  5.0  Lab  V'ision) 
at  %X  fiir  3)  min  and  the'n  inculiuted  in  peroxidase  lor  5  min  to  bUak 
endogenous  pemxklase.  Non.'^ecifie;  pniteins  were  Mocked  with  Biocare 
Medical  Terminator  (Baicare  Midical)  for  10  mia  and  then  sampkw  wen* 
incMiated  with  aj^nipnate  primary’  antibody  at  riMim  temperature  fur 
50  min  followed  by  HRP-lalieled  IgG  Kecondary  antibody  (Biucan*  Medical) 
fiir  40  miiL  Color  was  tleveloped  liy  uiexiliatir^  samples  with  diamino - 
benzidine  (D.^B)^  (Dako  North  America)  for  I  min.  CAT  Hematoxylin 
fBiocarx'  Medical)  was  usexl  for  1  mm  as  a  counletslaia  The  specinc 
.•laming  of  PKQ.  Stat3.  or  PCNA  in  the  .«ieclioos  was  examined  using 


Figure  1 .  PL  induces  apoptosis  arxl  ntabris  oel 
invasion  in  PCa  oels.  PCa  ceff  lines  (DU14S. 
CWR22IV1.  LNCaP.  and  FWPE  -1)  at  70%  to  80% 
confluency  were  seium  starved  (or  24  h  and  then 
treated  with  PL  at  vanots  (0.  5,  10,  and  15  isnol/L) 
concenlialions  m  DMSO  (fmat  concentration.  0.1%). 
At  24  h  aftor  treatment,  cols  were  coNectod  for 
apoptosis  analysis.  CWR22rv1.  DU145.ar>d  PC*3Gels 
were  treated  with  5  or  20  fimolA  of  PL  In  OMSO 
(final  concentration,  0.1%)  for  48  h  and  assayed  col 
invasion  as  de6crl)ed  before  (14).  A  structure  of  PL 
B.  induct  on  of  apc^osis.  Points,  mean  of  three 
separate  dishes,  tars,  SE.  C.  PCa  cell  invasioa 
C^s  were  slasiod  with  aystal  violel  and  photograf^ied 
at  >(40  magnification.  D.  number  of  invading  c^s 
was  estvnatod  by  cofonmetric  measurements  at 
560  nm  according  to  assay  instnictions  (Chemioon 
International).  Coiumns,  mean  of  three  separate 
wels.  bars,  SE.  SknJar  results  were  observed  in  a 
repeat  experiment. 
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Figure  2.  PL  nhiOits  expression  of  PKCr, 
]Kt^/atQ<j  Stat3.  PCNA.  VEGf.  and  MMP  d 
m  ectcpicaly  xenograftod  DU145  oels. 

The  DU145  ceils  C2.5  x  10”  in  100  mL  of 
a  1:1  mixtuie  of  medium/Matngel)  wore 
impianled  on  both  flanks  of  athymc  nude 
mice  (n  =  10  mtce  per  groip).  The  animals 
were  treated  with  PL  (2  mg/lig  body  weight 
m  PBS  or  PBS  ortly.  5  d  a  week)  i.p. 
miecbon  beginrang  at  3  d  after  col 
implantation.  At  the  end  d  the  study,  mce 
Mere  sacrificed  arid  digitai  photo^af^ 
were  taken.  A  top.  photographs  of 
representative  mice;  bottom,  photographs 
of  excised  tumors.  8.  top.  tumor  goi^h 
kmetics.  TurrKv  growth  was  measured 
weekly  usir>g  digtat  cahpers  and  the 
average  tumor  votume  was  graphed  as  a 
fuKtion  of  time.  After  11  wk.  PL  treafeneni 
was  stopped  and  tumor  grov^  was 
measured  through  16  wk  after  cel 
impiantation.  *,  P  <  0.05,  from  the 
oontfoi  group.  Bottom,  tumor  wetgM  at 
11  wk  after  cel  implantation.  C.  left. 
immiiiohistochemBtry  of  tumor  tissue 
for  PKG .  Stat3,  arid  PCNA  wrth  negative 
controls  for  specificity.  Magnrficatjon. 
x40  (toff).  RigM.  quantitation  of  Stat3  and 
PCNA'positrve  stained  nuclei.  Columns. 
mean  of  10  different  views:  bars,  SE. 

*.  P  <  0.000.  from  the  controt  goup.  D.  left, 
ocpression  of  VEGF  and  MMP-9  In  ttmors 
from  PL'treatod  and  control  mice:  right, 
quantrlatian  of  VEGF  and  MMP-9 
opiession 


Olympus  BX5I  mU.TOHt'upc.  Negative  ctmLniU  fwiLhmjl  primary'  antiliudy) 
Wdv  incluili'd  Tor  each  study.  For  tht>  quanlitalum  of  .Stat3  and  PCNA- 
positive  staining  cdLs.  10  random  areu-s  wt‘n'  seU-vtul  kir  each  mousi.*  at 
vai'h  limc’piinL  Thu  mimla^r  of  cells  .showing  pisitivv  labi4ingand  the  total 
number  of  ct^lLs  counted  were  recorded.  An  a>'erag.'  percentage  wa.s  then 
calculaU'd  based  on  the  total  number  of  l«Us  and  the  number  of  positive 
Htainir^  cells  from  lach  set  of  10  Gdds  cnunlul.  Re.sulLs  are  expressed  as 
mean  of  p*  rue  nt  ages  ^  SE. 

neclrophoretii'  mobility  sliill  assay.  PCa  ivUs  fDU145.  PC-.T. 
0^11221^1.  and  LNCaP)  at  70%'  to  80%  confluency  were  serum  slar\x‘d 
for  24  K  Cells  were  treatixl  with  0,  ^  10.  15,  or  20  pmrrf/L  of  PI.  for  .3  h. 
Nuiieur  pmlein  extracts  were  pepared  liy  lysuig  U’Us  in  a  hypitonk' 
.solution  lIO  mmol/L  IIEPES  (pit  7JJ),  10  mm»l/I.  KCT,  0.1  mmoI/L  EDTA 
IplI  8j0k  0.1  mmol/1.  FITTA  (pll  flO),  I  mmol/t  mT.  OA  mmol/t  FMSF. 
03  mg/mL  benxamUie.  2  pg'mi.  upotinui  2  pg/ml.  leupeptinj.  with 
detergent  [NIMO  at  6.25%  (v/v)|  Culkiwed  liy  knv  speed  (1300  X  g  for  30  s) 
to  colkx.1  nuctcL  NuL'tear  pnileuu  were  extracted  m  a  high  salt  bufkT 
[20  mmol/L  IIEPF3  (pll  73).  0.4  imil/l.  Naa  1  mmol/L  EDTA  (pi!  8X>). 
1  mmol/L  EGTA  (pll  8.0),  1  mmol/L  DTT.  1  mmid/1.  PMSF.  03  mg/mL 
beiuamide,  2  fig/ ml.  aputinia  2  pg/ml.  leupptin)  and  nuclear 
membranes  and  gfrnomic  DMA  were  reniiwed  by  high-speed  (l&OOO  ^  g) 
I'enlrifugation  kir  .5  min.  Nuclear  potein  extracts  were  .stored  at  ■-TO’C 
until  used.  The  nuck'ar  protein  extract  was  imtilMlud  in  a  final  volume  of  30 
fil.  of  10  mmol/L  IIEPES  (pll  7.9)  80  mmol/L  NaO.  10%  glyeen)!, 
1  mmol/L  DTT.  1  mm«d/L  EDTA.  and  100  fig/ml.  pdyldtxucyinoeiinic- 
deoxyvytidylic  acidl  fur  15  min.  7-^V>radu>lal)eled  doulile- stranded 
trli^Hiudeotides  of  the  ctmsen.sus  hinditg;  sequences  i»f  .\P1.  NF-kB,  or 
.SlaL3  were  then  added  and  the  uimplexes  were  irauhaled  Cur  20  rmn  at 
riM>m  temjieralure.  The  pnitein-DNA  compU^xes  wem  teadvtxJ  rm  a  4.5% 


acrylamide  gel  containing  2.5%  glycerol  and  fll5x  Tris-boralc  EDTA  at  room 
ternprature.  Gels  were  dried  and  auloraduigraphed  to  determira!  bindu^ 
uctnity  (14). 

Results 

I'l.  iiihihits  invadun  and  inducers  apnptods  in  PCa  rclls.  Cell 
inva.don  requires  ceDs  to  migrate  throu^  an  extracellular  matrix 
or  ha.sement  membrane  barrier  by  first  enzymatically  degrading 
the  barrier  and  then  becoming  established  in  a  new  locatloa  Cell 
imrasion  is  exhibited  by  tumor  c'eHs  during  metastasis.  The  effects 
of  PL  on  the  invasive  ability  of  A1  human  PCa  ceil  bnes  were 
determined.  In  this  experiment  (Fig.  1C).  PCa  ccUs  iDU145.  PC -3. 
and  CV\^R22rvl)  were  treated  with  5  or  20  pmol/L  of  PL  for  18  h  and 
cell  invarion  w'as  a.ssayed  using  a  CoQagen-Based  Cell  lnva.sion 
.Assay  Idt  (141  VU  at  both  5  aivi  20  pmol/L  concentratioa 
significantly  fP  <  (),(K)1 )  inhibited  the  invasion  of  DLI145,  PC  S.  and 
C\\'R22rvl.  The  inhibitory  effect  of  PL  on  cell  invasion  did  not 
differ  among  these  cell  bnes  (DUI45,  PC*3,  and  C7WR22rvI:  P  >  0.1: 
Fig,  IC  ar>d  D).  The  efbet  of  PL  on  the  mductinn  of  apoptosis  in 
human  PCa  has  recendy  been  reported  ( 12X  PL  induced  apoptosis 
in  human  PCa  cells  (PC-3.  LNCaP.  and  04  2)  irrespective  of 
androgen  responsivcnc^  and  pAlt  status.  PL4nduced  apopto.sis  in 
human  PCa  ceDs  w’as  associated  with  modulation  of  c'ellular  redox 
status  and  generation  of  reaertive  oxygen  species  (ROS:  reC  12).  We 
also  determined  the  effects  of  PL  on  the  induction  of  apoptosis  in 
PC^  irell  bnes  (DIU45,  CW'R22rvl.  and  LNCaP)  and  nontumongcnic 
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immortalized  prostate  epithelial  RUTE-l  ceDs.  PL  at  concentrabon 
as  high  as  2U  pmol/L  did  not  significant^  {P  >  0.42)  induce 
apoptosis  in  RWl^E  l  cells  (Fig.  li}).  PL  at  all  concentrations 
significantly  {P  <  0.009)  induced  apoptosis  in  PCa  cell  lines  (DUl  45. 
C\VR22rvL  and  LNCaP),  A1  PCa  cells  (DU145  and  C\\'R22rvl)  seem 
to  be  mom  sensitive  than  AD  PCa  cells  (LNCaP)  to  the  induction  of 
apoptosis  by  PL  (Fig  15). 

PI.  inhihils  groMih  of  Dl'145  cells  in  alhiniic  nude  niice.  In 
this  experiment  (Fig.  2A  and  B),  PL  (2  mg/kg  body  weight)  was 
administered  i.p.  3  day's  after  ectopic  implantation  of  hormone^ 


refractory  DU145  cells.  PL  treatment  delayed  tumor  growth  by 

3  weeks  and  significantly  (P  <  005)  redw'ed  both  the  tumor  weight 
and  volume  throughout  the  experimental  period  (Fig.  'lA  and  B). 
Discontinuabon  of  PL  treatment  in  PL-treated  mice,  for  as  Icmg  os 

4  w^ks.  did  not  result  in  an  increase  in  tumor  growth  (Fig  2B).  PL 
treatment  signiheandy  (P  -  0.000)  inhibited  PCNA  expression  and 
coastitutive  expression  of  Stat3  and  PKCc  (Fig.  2r).  In  additioa  PL 
treatment  inhibited  the  expression  of  VEGF  and  MMP-9  (Fig.  2D). 
The  PL-treated  mice  gained  wei^t  and  exhibited  no  obvious  toxic 
effects. 


Figure  3.  PL  inhibits  PKCc  expression  as 
«vol  as  JAK'2  and  Stat3  phoeptwylation  in 
DU145  cells  vHfo  and  n  vfvo.  A  arti  B. 
DU14S  cells  at  70%  to  80%  confluency 
were  serum  starved  for  24  h.  Cels  were 
treated  with  0,  5. 10  15.  or20isiK>l/Lof  PL 
m  DMSO  (final  ooncenlralion.  0.1%)  (or  6  h. 
Whdo-celi  lysates  were  prepared  and 
used  for  Western  plot  andysis  of  the 
indicated  proteirts.  C  and  O.  DU  145  oetis 
(2.5  X  KTin  100  {iL  n  a  1:1  of  medium/ 
MatrigeO  wore  wnplantod  on  both  (tanks  of 
nude  mice.  Anim^  were  treated  with  PL 
(2  m^lcg  body  weighl  in  PBS  or  PBS  or>ty, 
5  d  a  week)  by  i.p.  triection  beginning  3  d 
after  implaniBtton.  At  the  erid  of  the 
study,  tumors  (tom  PL-treated  or  oontrd 
mice  were  excised  and  wtx^o-cell  (ysates 
were  prepared.  Protein  extracts  (25  m9 
protein)  were  immunoblolled  and 
irxlicated  proteins  were  detected  with  the 
atH>f<3priai6  artibodies.  Preten  levels 
were  r>ormali20d  k>  tvacte>.  Western  blots 
(A  and  C)  were  quantitated  {B  and  D) 
by  densibmetric  artalyse  using  TotalLab 
Nonfinear  Dynamic  Image  analysis 
software. 
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Figure  4.  Effects  of  PL  on  the  expression 
of  PKC  isofoims.  DU145  oels  at  70%  to 
80%  cortiuency  wore  serum  stervoO  for 
24  h.  Cels  were  tmatod  with  0. 5. 

10.  15.  or  20  pmoa  of  PL  tf)  DMSO 
(Tmal  concentration.  0.1%)  for  6  h.  A 
wnote  cei  lysates  were  prepared  and  used 
for  Western  Uot  ar^aiysis  of  PKC  isoforms. 
C  tumors  from  PL-treated  or  control 
mce  were  excised  and  whc^e-cell  lysales 
were  prepared  to  analyze  the  eiqKessian 
of  PKC  isoforms.  B  and  D.  quanlAaticn  of 
Western  blots. 


PI.  induced  inhibition  of  P(  a  c^ll  ^rcmlh  accnmpanie<> 
inhibition  of  the  e.\proK.sion  of  multiple  molecular  tar^etK. 
including  PkCe.  To  obtain  clues  about  the  mechanism  by  w'hich 
PL  may  inhibit  growib  and  im*asion  of  PCa.  w  u.sed  both  DU145 
cells  cultured  m  vitro  and  DUI45  tumor  xenografts  from  vehicle- 
treated  and  PL'treated  mice.  The  results  are  illustrated  in  Fig.  3. 
PKCt  expression  and  consbtutive  activation  of  ^at3  have  been 
sbow'n  to  pla\’  a  role  in  the  progression  of  human  PCa  (14).  StatS 
acti\*ation.  which  involves  dimerization,  nuclear  transk>catioa 
DNA  hindini^  and  transactivation  of  transcription,  requires 
phosphorylation  of  both  TVt**  and  Ser^  (14).  Stat.TTyrTfB 
phosphorylation  is  mediated  by  a  w'ide  variety  of  growth  Actors 
interleukin-6  (IL-^)}.  IL-6  signaling  is  mediated  through  JAK. 
jAK'Stat  is  the  classic  pathway  that  has  been  shown  to  mediate 
cellular  responses  to  a  variety  of  cytokines,  including  11.-6.  In 
response  to  IL-h.  Stat3  is  transiendy  associated  with  gpLlO  and 
subsequently  phosphorvlated  by  J.^Ks  on  TVr'®^  of  .Stat3.  PKCt  - 
mediated  Stat3Ser7i7  phosphorylation  is  also  essential  for  both 
optimal  DNA-htnding  and  transcriptional  activities  of  Stat3  (14).  A 
showti  in  Fig.  3.4  to  D.  PL  treatment  inhibited  the  expression  of 
p|AK-2  and  PKCt.  PL-modiated  inhibition  of  pJAK-2  and  PKOt 
expression  accompanied  inhibition  of  both  Stat3Ser727  and 
Stat3T)T705  phosphorylation  (Fig.  ‘AA-D),  The  effects  of  PL  on 
the  expression  of  other  PKC  isoforms  w'erc  also  determined  (Fig.  4). 
PL  inhibited  the  expression  of  PKCt  and  PKCi:51.  PKCa  e3qrrc5.sk)n 
was  .slightly  increased,  whereas  expression  levels  of  other  PKC 
isoforms  (PKC|i.  PKC7,  PKCh.  PKCt],  PkXs.  and  PKCp)  w'erc 
unaflected  (Fig  4).  Coastitutively  actuated  PKCt  is  linked  to  cell 
survival  essential  for  maintenance  of  PCa.  Wc  observed  in  PCa 
fitim  TRAMP  mice  that  PKCt  cxprc.ssion  accompanied  up- 


regulation  of  pho.sphorv'lated  PI3K  and  .\KT.  maior  components 
of  the  cell  survival  pathway  (14).  These  results  prompted  as  to 
analyze  the  elfects  of  PL  on  the  expresskm  of  PL3K  and  AKT  in 
DU145  cells  and  tumors.  The  results  are  showm  in  Fig  5.  PL 
treatment  inhibited  the  expression  of  the  P13K  (p85)  and  PL^ 
(pllO)  regulator)'  subunits  and  p.^KT  (Ser’^  and  Thr^;  Fig  54 
and  £).  We  also  observed  that  PL  treatment  induced  the  expression 
of  p21  and  p27  (Fig  5C  and  /?). 

PL  treatment  indiscriminately  inhibits  the  l)N.\  binding 
activit)'  of  transcriptional  factors  .\P-1,  NF-kJ).  and  Slal3  in 
PCa  cell  lines.  Activation  of  PKO:  and  PI3K/AKT  pathways 
culminates  in  the  activatirai  of  tran.scrq)tian  factors  (AP-L  MF-t.'B, 
and  Stat3).  w'hich  drive  the  expres.sifin  of  cell  survivai  genes  (14). 
.Sandur  and  colleagues  (1)  have  reported  that  PL-modulated  cell 
proliferation,  carcinogenesis,  and  rad ioresi stance  may  be  due  to 
inhibition  of  NF-kB  pathwiiy.  We  found  that  PL  inhibited  the  DNA- 
binding  not  only  ofNF-KB  but  also  of.AP-1  and  .Stat3  in  PCa  cell  lines 
DU145,PC-3.  and  CWR22rvl  (Fig. 64).  Inhibition  oftheDN.A-binding 
activity  w'as  observed  at  PL  concentrations  as  low  as  5  pmol/L 
(Fig.  64).  Figure  6  also  shows  that  PL  inhibited  the  expie.ssion  of 
scv’cral  cell  surviv'al genes (COV-2  cdc2SA,  and  BclxL-,  F^.hC  and/)). 

Discussion 

PCa  is  the  most  common  type  of  cancer  in  American  men  and 
ranks  second  to  lung  cancer  in  cancer-related  deaths  ( 1 ).  Honnone- 
refractnry  invasive  PCa  is  the  end  stage  and  accounts  for  the 
majority  of  PCa  patient  deaths  (2-7).  Men  w'ith  hormone-reh^actory 
cancer  arc  at  high  risk  for  developing  hone  metastasis,  w'hich 
results  in  clinically  significant  .skeletal  morbidity  (15-18).  The 
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management  of  tocalh'  advanced  PCa  is  difficult  and  complex 
because  the  cancer  often  becomes  unresponsi\*e  to  current 
chemotherapeutic  a|9?nts.  Several  agents,  such  as  selenium, 
lycopene,  soy  products,  green  tea.  pomegranate  phenobes. 
apigenin.  and  vitamins  D  and  E.  are  effective  in  the  prevention  of 
the  induction  of  PCa  ( 19-22).  Howe\'er,  there  is  no  agent  that  is  in 
fact  effective  and  selective  in  the  prevention  and/or  treatment  of 
late-stage  Ixirmonc  rcfractory  PCa.  We  present  here  that  PL  a 
quinoid  coastituent  isolated  from  the  roots  of  medicinal  plant 
Plumboff)  zeylanica  L  (also  kno>\7i  as  Chitrak  ref.  7).  induces 
apoptosis  and  inhibits  invasion  of  AI  PCa  cells  (Fig.  1). 
Administration  of  PL  (2  mg/kg  body  wight),  beginning  3  days 
after  ectopic  implantation  of  hormone-refractory  011145  PCa  cells, 
delays  tumor  gronth  by  3  weeks  and  reduces  both  tumor  wcifdit 
and  volume  by  90%  (Fig.  2).  In  addition.  PL  abrogates  the 
expressian  of  PKCt  (Fig  3).  \%hich  plays  a  role  in  the  de\TJopment 
and  maintenance  of  .M  PCa  (14). 

The  lesults  (Fig.  1)  involving  the  induction  of  apoptosis  in  PCa 
ceDs  by  PL  are  consistent  with  findings  using  other  cancer  cell  lines, 
such  as  ovarian  cancer  BG 1  cells  (23 ).  cervical  cancer  cells  ( 24 ).  and 
breast  cancer  cells  (9).  PL-induced  apoptosis  invoK-es  G^-M  arrest 
and  generation  of  RO.S  (10).  ROS-medioted  inhibition  of  top- 
oisomerase  II  has  been  suggested  to  be  a  mechanism  contributing 
to  the  apoptosis- inducing  properties  ofPL  (25).  It  is  also  noteworthy 
that  PL  in  breast  cancer  cell  lines  has  been  reported  to  trigger 
autophagic  cell  death  but  not  predominantly  apoptosis  (9). 

We  provide  direct  experimental  evidence  that  PL  has  efficacy' 
in  preciinicol  model  of  ectopic  growth  of  PCa  cells  in  nude  mice 


(Fig  2).  Inhibition  of  tumor  growth  may  he  the  result  of  inhibition 
of  the  expression  of  cell  proliferative  marker  PCN.A  as  well  as 
inhibition  of  the  constituth^  activation  of  ceD  survival  markers 
PKCfe  and  .Stat3  (Fig  3). 

Metastasis  is  the  primary  cause  of  mortobty  from  cancer  (15-18). 
Oil  migration  and  invasion  play  critical  roles  in  cancer  metastasis 
(15-18).  PL  was  observed  to  be  a  potent  inhibitor  of  PCa  cell 
invasion  (F^.  1).  The  molecular  mechanism  Unked  to  PL-induced 
inhibition  of  PCa  cell  invasion  may  involve  inhibition  of  the 
expres.sion  of  MMP-9  and  VTGF  (Fig  1).  the  components  in  cell 
inv*asion  and  metastasis  (26-28). 

PL  inhibits  PKQ  cxpiession  and  Stat3  activation  (Fi^  3  and  4). 
PKQ'  is  a  member  of  the  nov’el  PKC  subfamily  (29-33).  PKCt  is  an 
important  component  of  the  mechanism  of  induction  and 
progression  of  PCa  (14).  PKCt  is  oveiexpressed  in  human  PCa 
and  PCa  developed  either  in  C57BL/6  or  [C.57BL/6  x  FX'Bj  FI 
TRAMP  mice  (14).  The  fact  that  PKCt  expression  is  significantly 
elevated  m  PL)a  and  correlates  with  PCa  aggressiveness  (14.  .34) 
impUes  that  PKQ  is  pmbably  linked  to  the  maintenance  of  .‘M  PCa. 
In  this  context,  the  pioneciing  work  of  Tenian  and  his  associates 
on  the  role  of  PKQ  in  prostate  carcinogenesis.  u.sing  PCa-derived 
cefl  lines,  is  noteworthy  (.34-37).  In  their  reports.  PKQ  over¬ 
expression  traiLst'ormed  AD  LNCaP  tumor  cells  to  AI  cells  (35).  The 
transformation  of  .AD  LNCaP  cells  to  an  AI  variant  was  associated 
with  increased  cell  profiferation  and  resistance  to  apoptosis. 
Antisense  experiments  establi.shed  that  endogenous  PKQ  plays 
an  important  role  in  rqtulating  the  p'owih  and  survival  of  .AI  PCa 
cells,  suggesting  that  PKCt  expression  may  be  .sufficient  to 


Figure  S.  Effects  of  PL  on  tto  expressx>n 
Pi3<.  AKT.  p21,  ar>d  p27.  0U145  cels 
at  70%  to  60%  confluoney  were  serun 
starved  lor  24  h.  Cels  were  treated  wilti  0, 
5.  10. 15.  or  2D  prinl/Lol  PLri  OMSO 
(final  corroeotratior>.0.1%)for6h.  A  aodC. 
whole  col  tysates  wore  prepared  and 
used  for  Western  t>k>t  andysis  of  PI3K. 
AKT.  p21 .  and  p27.  B  and  D.  Itmors  from 
PL-treeted  or  control  mice  were  exosed 
and  v^>o)e-cel  lysates  were  prepared  to 
anaty^  the  expressron  PI3K.  AKT.  p21. 
ar>d  p27. 
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maintain  PCa  grouth  and  $;urvi\‘al  after  androgen  ablation  (35). 
PKC^  is  a  transforming  oncogene  and  a  predictive  biomarker  of 
breast  cancer  and  PCa  (N). 

PKCt  associates  with  Stat3  and  regulates  Stat3  activation.  Stat3 
is  activated  by  phosphorylation  at  both  TVr'®*  and  Ser^^  residues. 
Coastitutively  activated  Stats,  particularly  Stat^l  have  been  found 
in  several  human  cancers  (eg.  squamous  ceO  carcinomas,  head 
and  neck-  breast.  o\-ary,  prostate,  and  lunjp  refs.  38-45).  PKQ 
activation  transduces  multiple  signals  involving  inhibition  of 
apoptotic  pathways  and  promotion  of  cell  survival  path^uys. 
PKCfe-medialed  cell  survival  path>s’ay  invohes  constitutive  activa* 
tion  of  Stat3.  PKQ  is  on  initial  si^ial  that  regulates  actuation  of 
Stat3.  PKCt  may  be  a  primary  target  of  PL  for  prevention  of  A1  PCa 
progression. 

PL  inhibits  the  activation  of  PL3K/AKT  (Fig.  SA  and  fl).  .\s 
observed  in  PCa  from  TR-4MP  mice.  PKCt  expression  accompanied 
up-regulation  ofphosphorviated  PI3K  and  AKT.  major  components 
of  the  cell  survis'al  pathway  (14).  Ci^nsistent  with  these  linding.s. 
using  xenografts,  it  was  shimm  by  proteomic  analysis  that 


the  association  of  PKQ:  with  Bax  may  neutralize  apoptotic  signals 
propagated  through  the  mitochondrial  death  signaling  pathwav' 
(46).  In  addition,  integrin  signaling  links  PKQ  to  the  PKB/AKT 
survival  pathway  in  recurrent  PC^a  ceBs  (.34).  PL  inhibits  PKQ 
overexpression,  which  correlates  >^ith  PCa  aggressiveness  and 
accompanies  an  incicase  in  proteins  that  modulate  apoptosis 
(survivin.  Bcl-2.  and  Bcl-xL).  and  cell  cycle  progression  (p21  and 
p27;  Fig.  ST  and  DX 

It  is  notable  that  Sandurand  colleagues  (7)  reported  that  PL  is  a 
specific  inhibitor  of  NF-kB  and  does  not  suppress  activation  of 
other  transenption  factors  AP  I  and  Stat3  in  KBM-S  (human 
chronic  myeloid  leukemia)  and  U266  (human  multiple  myeloma) 
cells.  The  di.scrc‘pancy  between  our  results  with  the  PC^a  cell  lines 
(PC -3,  DIJ145,  and  CWR22rvl)  and  their  results  with  KBM-5  and 
U266  cells  may  be  due  to  cellular  context 

In  several  repeat  experiments,  PL  inhibited  the  constitutive 
activation  of.-VP  l,  and  Stat3  in  Al  PCa  cell  lines  PC-3. 

DII145.  and  C\VR22rvl  but  not  in  AD  PQi  cell  line  LNCaP.  These 
results  indicate  that  androgen  receptor  (AR)  status  may  determine 
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RgiFe  6.  PL  inhtiils  DNAtxndjng  of 
transenption  factors  Stst3.  NF'^B.  and 
AP-1  and  transerption  factor-rogutaled 
gar>e  expression.  PCa  cels  (0U14S.  PC^i, 
CWR22IV1.  and  LNCaP)  at  70%  to  80% 
oonfiuency  were  serum  starved  for 
24  h.  Cels  wore  treatod  with  0.  5.  10. 

15.  or  20  of  PL  in  OMSO 
(finaJ  concentration.  0.1%)  for  3  h.  Nudear 
protein  attracts  were  prepared  Py  tysmg 
cels  in  a  hypotonic  solulion  [10  rrmoVL 
HEPES  (pH  7.5).  lOmmoW.  KO. 
ai  mfTK^  EDTA  (pH  8.0),  0.1  mmoVL 
EGTA  (pH  8.0).  1  mmoW.  DTT.  0.5  mmcVL 
PMSF.  0.5  mg'mL  beruamide,  2  ixg/mL 
aprottan.  2  u^mL  leiip^>tin].  with 
detergent  [NP40at6.25%  (Wv))foltPwed  by 
low  speed  cenlrlfiigation  (1.500  x  p  for 
30  8)  to  oolect  nudei.  Nudear  proteins 
were  extracted  in  a  hi^-sait  buffer 
(20  mmolA  HEPES  (pH  7.5),  0.4  moVL 
NaCI,  1  mrr»l/LE0TA  (pH  8.0).  1  mmoW. 
EGTA  ^H  0.0),  1  mmol/L  DTT.  1  mn>d/L 
PMSF.  0.5  m^mL  benzamide,  2  ug/'mL 
aprotin«i.  2  pgi'mL  leupeptm]  arKl  nxlear 
membranes  and  genomic  ONA  wore 
removed  by  high-speed  contrtfugation. 
Nudear  pi^oin  attracts  were  stored  at 
~70^C  until  used.  A  electrophoretic 
mt^fiy  shift  assay  of  AP-1.  arid 

StaO  DNA  tMntfeng.  B,  specificity  of  AP-I. 
NF<r.  B.  and  Stat3  ONA  binding.  CandD. 
transcrption  factoi-reguiatod  gene 
expression.  C.  tumors  tiom  PL-troded  or 
contiDt  mice  wae  exceed  and  wfxrte-cell 
tysdes  were  prepared  to  analyze  the 
otpression  of  indicated  proteins.  D.  0U145 
cels  at  7(r^i  to  80%  oonfluenGy  wae  serum 
starved  (or  24  h.  Cds  wae  treated  with  0. 
5  10. 15.  or20  )mt/LotPLfor6h. 
Whde^irefl  lysates  wore  prepaed  and  used 
for  Western  dot  analyse  of  indicated 
proteir^.  Bottom,  quantitation  of  Western 
dots  C  and  D. 
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PL-induc'ed  suppression  of  transcription  factors  AP-1.  NF-kB,  and 
Stat3.  The  mechanism  by  \%’hich  PL  suppresses  the  constitutive 
activation  of  AP-L  NF-kB.  and  Stat3  in  AI  PCa  ceDs  Ls  unclear. 
HowcV'Cr.  PL  inhibits  constitutive  expression  of  PKCf,  >s'hich  may 
play  a  role  in  the  activatim  of  .^P-l.  NF-kB.  and  Stat3. 

The  role  of  PK&:  in  PL -induced  inhibition  of  ^ovsth  and 
invasion  of  AI  PCa  is  speculative.  Mo.st  AI  PCa  continue  to  express 
AR  as  >vell  as  the  AD  f^ne  PSA.  which  indicates  that  these  cells 
maintain  a  functional  AR  signaling  pathway  despite  castrate  levels 
of  testosterone.  Gene  amplification  and  mutations  in  .\R  are 
frequently  observed  in  recurrent  PCa,  >\hich  may  account  for 
hyperscasitivity  of  the  to  low*  castrate  level  of  androgens,  and 
altered  tigund  specificity  (47).  Increased  AR  activity  in  AJ  PCa  is 
perhaps  caused  by  cToss-talk  of  .^R  with  multiple  intracellular 
signaling  ca.scades.  including  peptide  growth  factors  (epidermal 
growth  factor  (EGF).  transforming  growth  factor-i\  and  insulin-like 
growth  factor-L  ret  48|.  In  this  context,  it  is  noteworthy  that  HER- 
2/neu.  a  member  of  the  EGF  family  of  receptor  tyrosine  kinases, 
activates  the  AR  pathway  in  the  abserwe  of  ligand  (49).  It  remains 
to  be  determined  w  hether  there  is  crojw-talk  between  AR  and  PKCt 
signal  transduction  pathway  in  the  progression  of  .\I  PCa. 

PL  has  also  been  exteasively  evaluated  for  toxic  side  effects  in 
rodents.  Toxic  side  effects  included  diarrhea,  sldn  rashes,  and 
hepatic  and  reproducthre  toxicity.  These  toxic  side  effects  were 
dose  related.  The  LD50  for  these  side  effects  in  mice  was  H  to 
6.S  mg/kg  body  weight  for  po.  administration  and  16  mg/lcg  body 
weight  for  i.p.  (7).  PL  has  been  reported  to  be  nontoxic  at  doses 
(2  mg/kg  bfxly  weight  Lp.  or  2(H)  ppm  in  diet)  shown  to  elicit 
chemoprevenlivc  and  therapeutic  effects  (7).  In  addition,  the 


mutagenic  activih’  of  PL  in  Escherichia  coli  has  been  examined  and 
was  negative  in  the  .Ames  test  (7). 

In  summary.  PL  a  plant-denved  n^hth(x)uinonc,  inhibits  the 
^p:t>wth  and  im'arian  of  AI  PCa  cells  (F^s.  1  and  2).  PL-induced 
inhibition  of  PCa  ceil  growth  and  invasion  acconipanie.s  inhibition 
of  multiple  taigets.  including  PKGtr  and  transcription  factors  AP-l. 
InTF-kB,  and  Stat3  (Figs.  3-6).  The  rc.sults  (Figs.  1-6)  presented  have 
led  iLs  to  propose  that  PKCk  is  a  master  switch  in  the  progression 
and  invasion  of  hormone-refractory  PCa.  PKCf  directly  or 
indirectly  via  association  with  other  protein  kinases  (eg.  Raf  1. 
mitogen-activated  protein  kinase  (MAPK)/cxtracellular  signal- 
regulated  kinase  (ERK)  kinase  1/2.  ERKl/2.  and  p38M.APKl 
phosphoryiates  Stat3Ser727.  Constitutive  activation  of  PKCf  and 
Stat3  is  correlated  with  the  agfp’essiveness  of  PCa  ( 14).  PI3K/'PKD3/ 
AKT  may  phosphorylate  AR.  enabling  to  form  dimers,  thus 
enhancing  .AR-DN.A  binding  and  gene  expression  (50).  We 
hypothesize  that  PL  inhibits  the  expression  of  PKCf.  an  mittal 
signal  in  the  devi^kipment  of  AI  PCa 
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